The vector bosons models including Standard Model (SM) are investigated in the framework of the Dirac Hamiltonian method with explicit resolving the Gauss constraints in order to eliminate variables with zero momenta and negative energy contribution in accordance with the operator quantization principles. This elimination leads to static interactions in a frame of reference of the Hamiltonian formulation. We list a set of observational and theoretical arguments in favor of that these static interactions in SM exist. We show that the Dirac Hamiltonian method leads to the condensate mechanism of spontaneous symmetry breaking in SM that provokes masses of vector and spinor fields without the Higgs potential, and it leads to a new sum-rule for masses of fermions and vector bosons.
Introduction
The static Coulomb interaction in QED is well known as fixed experimental fact. This static interaction is inevitable consequence of the Hamiltonian approach to gauge field theories. The Hamiltonian approach to gauge theories was considered as the mainstream of development of gauge theories beginning with the pioneer papers by Dirac [1] , Heisenberg and Pauli [2] , and finishing by the Schwinger quantization of the non-Abelian theory [3] (see in detail [4, 5] ). They postulated the higher priority of the quantum principles, in particular, in accordance with the uncertainty principle, one counted that we cannot quantize "field variables" whose velocities are absent in the Lagrangian. Therefore, vector field time components with negative contributions into energy are eliminated, as it was accepted in the Dirac approach to QED [1] . This illumination leads to the static interactions and instantaneous bound states.
Remember that the Dirac Hamiltonian approach generalized to the non-Abelian theory [3, 5] and the massive vector fields [7] provides the fundamental operator quantization and correct relativistic transformations of states of quantized fields. This Hamiltonian approach is considered [9] as the foundation of all heuristic methods of quantization of gauge theories, including the Faddeev-Popov (FP) method [10] used now for description of Standard Model of elementary particles [11] . Moreover, Schwinger ... rejected all Lorentz gauge formulations as unsuited to the role of providing the fundamental operator quantization (see [3] p.324). However, a contemporary reader could not find static interactions in the accepted version of Standard Model (SM) of elementary particles based on the FP method [11] .
In this paper, the Weinberg-Salam Standard Model is studied in the framework of the Dirac Hamiltonian method with explicit resolving the Gauss constraints in order to eliminate variables with zero momenta and negative contribution in energy. We try to reply the following questions. Why did the accepted version of SM omit static interactions? What are the fundamental principles of foundation of static interactions? What are physical results following from the static interactions omitted by the accepted version of SM?
2. Hamiltonian status of the Coulomb potential in QED
Action and reference frame
Let us recall the Dirac approach [1] to QED. The theory is given by the well known action
where F µν = ∂ µ A ν − ∂ ν A µ is a tension, A µ is a vector potential, ψ is the Dirac electron-positron bispinor field and j µ = eψγ µ ψ is the charge current and / ∂ = ∂ µ γ µ . This action is invariant with respect to the collection of gauge transformations
The action principle used for the action (1) gives the Euler-Lagrange equations of motion -known as the Maxwell equations
Physical solutions of the Maxwell equations are obtained in a fixed inertial reference frame distinguished by a unit timelike vector n µ . This vector splits the gauge field A µ into the timelike A 0 = A µ n µ and spacelike
components. Now we rewrite the Maxwell equations by components
The field components A 0 cannot be a degree of freedom because her canonical conjugate momentum vanishes. The Gauss constraints (4) have the solution:
where
is a longitudinal component. The result (6) is treated as the Coulomb potential field leading to the static interaction.
Elimination of time component
Dirac [1] proposed to eliminating of the time component by the substitution of the manifest resolution of the Gauss constraints given by (6) into the initial action (1). This substitution -known as reduction procedureallows us to eliminate nonphysical pure gauge degrees of freedom [13] . After this step the action (1) takes the form
This substitution leaves the longitudinal component Λ given by Eq. (7) without any kinetic term.
There are two possibilities. The first one is to treat Λ as the Lagrange factor that leads to the conservation law (3) . In this approach, the longitudinal component is treated as an independent variable. This treatment violate gauge invariance because this component is gauge-variant one and it be can not measurable. Moreover, the time derivative of the longitudinal component in Eq. (6) looks like a physical source of the Coulomb potential. By these reasons we will not consider this approach in this paper.
In the second possibility a measurable potential stress is identified with the gauge-invariant quantity (6)
This approach is consistent with the principle of gauge invariance that identifies measurables with gauge-invariant quantities. Therefore according to the gauge-invariance the longitudinal component should be eliminated from the set of degrees of freedom of QED too.
Elimination of longitudinal component
This elimination is fulfilled by the choice of the "radiation variables" as gauge invariant functionals of the initial fields, i.e. "dressed fields" [1]
In this case, the linear term ∂ k A k disappears in the Gauss law (4)
The source of the gauge-invariant potential field A R 0 can be only an electric current j R 0 ; whereas the spatial components of the vector field A R k coincide with the transversal one
In this manner the frame-fixing A µ = (A 0 , A k ) combinate with understanding of A 0 as a classical field and use of the Dirac dressed fields (11) of the Gauss constraints (4) lead to understanding of the variables (11) as gaugeinvariant functionals of the initial fields.
Static interaction
Substitution of a manifest resolution of the Gauss constraints (4) into the initial action (1) calculated on constraints cause that the initial action can be expressed in terms of the gauge-invariant radiation variables (11) [1, 4] 
The Hamiltonian, which corresponds to this action, has the form:
where Π R k , p R ψ are the canonical conjugate momenta fields of the theory caluculated by standard way. By this the vacuum can be defined as a state with minimal energy obtained as the value of the Hamiltonian onto the equations of motion. Relativistic covariant transformations of the gaugeinvariant fields are proved on the level of the fundamental operator quantization in the form of the Poincaré algebra generators [3] . The status of the theorem of equivalence between the Dirac radiation variables and the Lorentz gauge formulation is considered in [5, 7] .
Comparison of radiation variables with the Lorentz gauge ones
The static interaction and corresponding bound states are lost in any frame free (F) formulation including the Lorentz gauge one. The action (8) transforms into
are the manifest gauge-invariant functionals satisfying the equations of motion
with the current j L µ = −eψ L γ µ ψ L and the gauge constraints
Really, instead of the potential (satisfying the Gauss constraints △A R 0 = j R 0 ) and two transverse variables in QED in terms of the radiation variables (11) we have here three independent dynamic variables, one of which A L 0 satisfies the equation
and gives a negative contribution to the energy. We can see that there are two distinctions of the "Lorentz gauge formulation" from the radiation variables. The first is the lost of Coulomb poles (i.e. static interactions). The second is the treatment of the time component A 0 as an independent variable with the negative contribution to the energy; therefore, in this case, the vacuum as the state with the minimal energy is absent. In other words, one can say that the static interaction is the consequence of the vacuum postulate too. The inequivalence between the radiation variables and the Lorentz ones does not mean violation of the gauge invariance, because both the variables can be defined as the gaugeinvariant functionals of the initial gauge fields (11) and (17) .
In order to demonstrate the inequivalence between the radiation variables and the Lorentz ones, let us consider the electron-positron scattering amplitude T R = e + , e − |Ŝ|e + , e − . One can see that the Feynman rules in the radiation gauge give the amplitude in terms of the current j ν =ēγ ν e
This amplitude coincides with the Lorentz gauge one,
when the box terms in Eq. (21) can be eliminated. Thus, the Faddeev equivalence theorem [9] is valid, if the currents are conserved
But for the action with the external sources the currents are not conserved. Instead of the classical conservation laws we have the Ward-Takahaski identities for Green functions, where the currents are not conserved
In particular, the Lorentz gauge perturbation theory (where the propagator has only the light cone singularity q µ q µ = 0) can not describe instantaneous Coulomb atoms; this perturbation theory contains only the Wick-Cutkosky bound states whose spectrum is not observed in the Nature.
Static interaction in massive vector theory

Lagrangian and reference frame
The classical Lagrangian of massive QED is
In a fixed reference frame this Lagrangian takes the form
whereV = ∂ 0 V and V T k is the transverse component defined by the action of the projection operator given in Eq. (9) . In contrast to QED this action is not invariant with respect to gauge transformations. Nevertheless, from the Hamiltonian viewpoint the massive theory has the same problem as QED. The time component of the massive boson has vanish canonical momentum.
Elimination of time component
In [7] one supposed to eliminate the time component from the set of degrees of freedom like the Dirac approach to QED, i.e. using the action principle. In the massive case it produce the equation of motion
which is understood as constraints and has solution
In order to eliminate the time component, let us insert (28) into the Lagrangian (26) [1, 7] :
where we decomposed the vector field V k = V T k +V || k by means of the projection operator by analogy to (9) . The last two terms are the contributions of the longitudinal component only. This Lagrangian contains the longitudinal component which is the dynamical variable described by the bilinear term. Now we propose the following transformation
are the radiation-type variables, removes the linear term ∂ iVi in the Gauss law (27). If the mass M = 0, one can pass from the initial variables V || k to the radiation ones V R|| k by the change
Now the Lagrangian (29) transits into
The Hamiltonian corresponding to this Lagrangian can be construct in the standard canonical way. Using rules of the Legendre transformation and canonical conjugate momenta
One can be convinced [7] that the corresponding quantum system has a vacuum as a state with minimal energy and correct relativistic transformation properties.
Quantization
We start the quantization procedure from the canonical quantization by using the following equal time canonical commutation relations (ETCCRs):
The Fock space of the theory is building by the ETCCRs
with the vacuum state |0 defined by the relations:
The field operators has the Fourier decompositions in the plane waves basis
with the integral measure [dk] v,s = 1
2ω v,s (k) and the frequency of oscillations ω v,s (k) = k 2 + m 2 v,s . One can define the vacuum expectation values of the instantaneous products of the field operators
are the Pauli -Jordan functions.
Propagators and condensates
The vector field in the Lagrangian (34) is given by the formula
Use this give us the propagator of the massive vector field in radiative variables
Together with the instantaneous interaction described by the current-curent term in the Lagrangian (34) this propagator leads to the amplitude
of the current-current interaction, which differs from the acceptable one
The amplitude given by Eq. (51) is the generalization of the radiation amplitude in QED. As it was shown in [7] , the Lorentz transformations of classical radiation variables coincide with the quantum ones and they both (quantum and classical) correspond to the transition to another Lorentz frame of reference distinguished by another time-axis, where the relativistic covariant propagator takes the form
where n µ is determined by the external states. Remember that the conventional local field massive vector propagator takes the form (52)
In contrast to this conventional massive vector propagator the radiationtype propagator (53) is regular in the limit M → 0 and is well behaved for large momenta, whereas the propagator (54) is singular. The radiation amplitude (51) can be rewritten in the alternative form
for comparison with the conventional amplitude defined by the propagator (54). One can find that for a massive vector field coupled to a conserved current (q µ j µ = 0) the collective current-current interactions mediated by the radiation propagator (53) and by the conventional propagator (54) coincide
If the current is not conserved j 0 q 0 = j k q k , the collective radiation field variables with the propagator (53) are inequivalent to the initial local variables with the propagator (54), and the amplitude (51). The amplitude (56) in the Feynman gauge is
and corresponds to the Lagrangian 
where m s , M v are masses of the spinor and vector fields and L 2 s,v are values of the integrals that coincide in the massive limit L 2 v = L 2 s ∼ d 3 k/| k|.
The Standard Model
Weak static interactions
We consider the accepted SM without any additional terms violating gauge invariance and the Higgs potential 
First of all, we can see that this Lagrangian (61) is bilinear with respect to the time components of the vector fields V K 0 = (A 0 , Z 0 , W + 0 , W − 0 ) in the "comoving frame" n cf µ = (1, 0, 0, 0)
whereL KI 00 is the matrix of differential operators. Therefore, the Dirac approach to SM can be realized. This means that the problems of the reduction and diagonalization of the set of the Gauss laws are solvable, and the Poincaré algebra of gauge-invariant observables can be proved [7] . In any case, SM in the lowest order of perturbation theory is reduced to the sum of the Abelian massive vector fields, where Dirac's radiation variables was considered in Sections 3.
Symmetry breaking by the condensate mechanism
The vacuum postulate and normal ordering allow us to use the condensate mechanism of spontaneous symmetry breaking without the Higgs potential in the Lagrangian (61). Let us substitute the normal ordering of vector and fermion fields (59) and (60) into the Higgs part of (61). The result is
where 
(where h is the particle-like variable) is the fundamental assumption of the spontaneous symmetry breaking in SM. Recall, that the constant field C fixes the masses of the vector mesons M W and fermions m s
by the definition. So that in the condensates (66) and (67) we have
The action principle for the constant Higgs field provokes the formula
The substitution of the condensates (67) and (66) into this formula leads to the Schwinger -Dyson type equation
This equation has two solutions. The first solution corresponds to zero value of the Higgs constant C = 0 for which the spontaneous symmetry breaking is absent, and the masses (69) and (70) are equal to zero. The second solution with spontaneous symmetry breaking is C = 0, it gives the sum rule
For the minimal SM a three collar t-quark dominates s m 2 s ≃ 3m 2 t because contributions of other fermions s =t m 2 s /2m t ∼ 0.17 GeV are very small. It is interesting that the value L 2 W = L 2 Z = 2L 2 t is compatible with the PDG data on the values of masses of bosons M W = 80.403 ± 0.029 GeV, M Z = 91.1876 ± 0.00021 GeV and t-quark m t . The value L 2
whereas the observational value from PDG data is m t = 174.2 ± 3.3 GeV. Because in the massless high energy limit all condensate scales coincide L 2 W = L 2 Z = L 2 t ∼ d 3 k/| k|, this sum-rule can be considered as a signal that the boson sector of SM is doubled, like π → γγ decay is the signal of the tree collars of quarks, if this doubling is not contradict to physical data. Now the Lagrangian (61) takes the form
One can see that the condensates of the vector fields in the Lagrangian (65) determine a mass of the Higgs field
In limit of L W,Z → ∞ the Higgs field diagrams disappears from the perturbation theory, because the Higgs field propagator goes to zero. The difference from the accepted Higgs mechanism is the absence of the selfinteraction of the Higgs particle within the loop counter-terms. The possibilities to measure the Higgs self-couplings at the future electron-positron linear collider (ILC) are discussed in [19] . Even at LHC one will be able to measure h 3 coupling, while accurate definition of h 4 might be difficult. Studies of how to extract the Higgs self-couplings from e + e − → Zhh see in [20] .
The static interaction mechanism of the enhancement of the △T = 1/2 transitions
In SM in terms of the radiation type propagators (53) the kaon-pion transition in the comoving frame (k µ = k 0 , 0, 0, 0) in the nonleptonic kaon decays are reduced to only the weak static interaction
where J ± 0 (x) are hadron currents defined in the low-energy region by the quark content of π + and K + mesons π + = (d, u), K + = (s, u), K 0 = (s, d)
here F π ≃ 92.4 MeV and λ k is the Gell-Mann matrices [14] . In the first orders in mesons one can write for the axial (A) and vector (V) currents
In this case, the contribution of axial-axial interaction in amplitude (79) is proportional to the Yukawa potential d 3 ze −M W | z| (4π| z|) −1 = M −2 W at k = 0, while the contribution of vector-vector interaction is proportional to the integral
with the Pauli -Jordan functions
as a result the normal ordering of pions in the product of the currents J k µ . The sum of all meson loop diagrams is reduced to effective coefficient of enhancement g 8 = 1 + I≥1 c I △ I (0) (this sum is known as the Volkov superpropagator [14] ). In the next order, the amplitudes K 0 (K 0 ) → π 0 arise. In general, the normal ordering of pions leads to the current production [17] 
and the effective Lagrangian with the rule △T = 1/2 [15] 
with one unknown effective constant of the normal ordering g 8 = 5.1 fixed by one the numerous decays in satisfactory agreement with the experimental data on the semileptonic and nonleptonic kaon decays. Thus, for normal ordering of the weak static interaction in the Hamiltonian SM explain the rule △T = 1/2 and universal factor g 8 . On the other hand, the weak static interaction in the Hamiltonian SM suppresses all retarded interaction in the meson effective theory of the △T = 1/2 transitions. Therefore, the off-mass-shell kaon-pion transition in the radiation weak kaon decays that are not described by the acceptable renormalization group analysis based on the Lorentz gauge formulation omitting weak static interaction [16] can be a good probe of the weak static interactions.
Kaon decay probe of the weak static interaction
The static interaction mechanism of the enhancement of the △T = 1/2 transitions leads to the coincidence of the meson form factor resonance parameters with the parameters of the radiation kaon decay rates K + → π + e + e − (µ + µ − ). These processes described by the amplitudes
π allow one to extract information about meson form factors in satisfactory agreement with the experimental data [18, 21] .
Conclusions
It was presented that the weak static interactions in the Standard Model are consequences of the Hamiltonian approach just as the Coulomb static interaction is consequence of the Hamiltonian approach in QED. The static interactions are omitted by the accepted versions of the Standard Model [11] because they restrict the region of applications of the theory by the scattering processes of the elementary particles where static interactions are not important. However, the static poles play crucial role in the massshell phenomena of the type of bound state, anomaly spontaneous symmetry breaking, kaon -pion transition in the weak decays, etc. Static interactions follow from the spectrality principle that means existence of a vacuum defined as a state with the minimal energy. What are physical results following from the static interactions omitted by the accepted version of SM?
The normal ordering of mesons in the weak static interaction leads to the enhancement coefficient g 8 in weak kaon decays and the rule △T = 1 2 . On the other hand, the weak static interaction in the Hamiltonian SM suppresses retarded interactions in the meson effective theory of the △T = 1/2 transitions. This suppression leads to successful description of the differential radiation kaon decay rates in agreement with the present day PDG data [17] in the contrast to the acceptable renormalization group analysis based on the Lorentz gauge formulation omitting weak static interaction [16] . This successful description points out that the radiation kaon decays can be used for the measurements of the form factor resonance parameters.
The Hamiltonian approach to the Standard Model and its operator fundamental formulation lead to the condensate mechanism of spontaneous symmetry breaking and the Schwinger -Dyson type equation provoking masses of vector and spinor fields without the Higgs potential, that leads to a new sum rule.
The condensate mechanism of spontaneous symmetry breaking removes h 4 , h 3 self-interactions of Higgs fields in comparison with the accepted formulations [11] used now for describing observational data. Therefore, the problem of the Hamiltonian Dirac formulation of SM becomes topical in the light of future precision experiments.
